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This study uses components of action and self-study research to examine the design and 
enactment of modeling tasks with the goal of developing student modeling abilities.  The 
author, a secondary mathematics teacher, first closely examined the curriculum design 
and instructional decisions she made as she prepared for a unit on mathematical modeling 
in her precalculus course.   Detailed descriptions of the timeline of events as this unit was 
enacted is then presented, providing insight into student and teacher interactions that 
occurred during an intense five weeks of modeling instruction.  An analysis of these 
events identified ways in which students relearned how to learn, the teacher-researcher 
relearned to teach, and how both students and teacher relearned mathematics within 
authentic tasks.  Finally, the overall development of modeling abilities as a result of this 
relearning and implications for this research are discussed.  
 
  
 Copyright 2017 by Danielle D. Buhrman 
  
 For Brooks and Baby B 




I can do all things through Christ who strengthens me.  
~Philippians 3:14 
Finding the motivation to see this dissertation to the end would not have been 
possible without the support of countless family, friends, and colleagues, and without the 
strength of my Lord and Savior Jesus Christ.  The timeline of events as they played out 
during a month of modeling occurred only weeks after my husband and I lost a baby 
through miscarriage.  Feeling broken, this support system never let me give up on myself 
or this impossible dream.  
Specifically, embarking on this journey would not have happened without my 
parents, John and Nancy, whose endless love and encouragement instilled in me the work 
ethic necessary to balance a full-time job, motherhood, and being a wife with the 
demands a doctorate degree requires.  This dissertation also simply would not have been 
possible without my grandmother, Karen, who would spend the summer of 2016 and all 
my days ‘off’ from school playing with my son so I could lock myself in our office to 
write.  To my friends, especially Jaime, thank you for understanding when I went missing 
for weeks at a time.  Your continuous words of encouragement and a listening ear always 
seemed to happen when I needed them most.  
I will forever be grateful to my students at River Junction Senior High who were 
excited to go on this journey with me.  Their willingness to step into something new will 
have a lasting impact on me as a teacher.  To my colleagues at River Junction Senior 
High, thank you for letting me bounce ideas and share this journey with you.  I am also 
 forever in debt to Dr. Swidler and my committee members for their advice and guidance 
as they pushed me to delve deeper into my instruction during a month of modeling. 
To my son Brooks, thank you for loving me even when I couldn’t play with you 
and you didn’t understand.  Someday I will tell you all about chasing dreams and the 
sacrifices you sometimes need to make to see these dreams to the end. 
Finally to my husband Matt.  My rock.  As I tried to take on teaching, 
motherhood, and a doctorate degree at the same time, you often were left the odd-man 
out.  Yet, you always understood, wiped away my tears, and told me I could do it.  Your 
love, patience, and dedication got me through the hardest year of my young life.  You 
will never know how much you mean to me nor understand how much your name is 








TABLE OF CONTENTS 
 
INTRODUCTION……………………………………………………………………    1 
 
My Personal Mathematics Story………………………………………………….    2 
 
Undergraduate Education……………………………………………………..    3 
 
From Novice to Master Teacher……………………………………………...    4 
 
My Reflective Journey in Precalculus……………………………………………    6 
 
Student-Centered Instruction…………………………………………………    7 
 
Authentic Tasks………………………………………………………………    8 
 
Intersecting Ideas: Mathematical Modeling………………………………….   10 
 
Why Modeling?………………………………………………………………….    12 
 
Modeling in Precalculus……………………………………………………..    12 
 
My Study………………………………………………………………………...    14 
 
PART ONE: EXPANDING MY KNOWLEDGE OF MODELING………….…….   17 
 
CHAPTER 1: PROBLEM AND PURPOSE………………………………………..    18 
 
Modeling Cycle………………………………………………………………….    19 
 
Modeling in the Common Core State Standards…………………………….    20 
 
The Modeling Process as Defined by Research Literature………………….    21 
 
Modeling versus Problem Solving…………………………………………..    23 
 
Importance of Modeling……………………………………………………..    25 
 
Development of Modeling Abilities…………………………………………….    26 
 
Theories on Student Learning of Modeling…………………………………    26 
 
Developed Student Skills……………………………………………………    29 
 








Curriculum………………………………………………………………………    38 
 
Design Guidelines……………………………………………………………   39 
 
Reflecting on Research Problem to Identify Study Purpose…………………….    43 
 
Research Study………………………………………………………………    44 
 
Central Research Questions…………………………………………………    45 
 
Sub-Questions……………………………………………………………….    45 
 
CHAPTER 2: METHODOLOGY…………………………………………………..    46 
 
Qualitative Research Methods……………………………………………….….    46 
 
Self-Study……………………………………………………………….…...    47 
 
Action Research……………………………………………………………..    48 
 
Design Research……………………………………………………………..    48 
 
Understanding Methods Leads to Research Plan……………………………    49 
 
Research Plan……………………………………………………………………    45 
 
Design………………………………………………………………………..    50 
 
Data Collection Instruments…………………………………………………    54 
 
Reliability……………………………………………………………………    62 
 
Data Analysis………………………………………………………………..    64 
 
Conclusion………………………………………………………………………    65 
 
CHAPTER 3: THE PREQUEL TO A MONTH OF MODELING…………………    66 
 
Development of Design Criteria………………………………………………...    68 
 
Targeting Specific Modeling Abilities………………………………………    69 
 
Criteria for Modeling Tasks…………………………………………………    76 
 








Intro to Modeling: What is Modeling?……………………………………...    81 
 
Project 1: The High-Definition Trade-Off Dilemma………………………..    82 
 
Project 2: Calculating the Width of Memorial Stadium…………………….    85 
 
Project 3: Enrollment at River Junction Senior High……………………….    90 
 
Project 4: How Safe are We?………………………………………………..    93 
 
Project 5: Student Choice……………………………………………………    97 
 
Assessing Modeling Tasks………………………………………………………    99 
 
Research on Rubrics…………………………………………………………  100 
 
Individual Modeling Cycle Rubric………………………………………….   101 
 
Team Product Rubric………………………………………………………..  103 
 
Assigning Grades from Rubrics……………………………………………..  106 
 
Student Support……………………………………………………………...  108 
 
Conclusion………………………………………………………………………  108 
 
PART TWO: ENACTMENT OF A MODELING UNIT…………………………..   110 
 
CHAPTER 4: A MONTH OF MODELING………………………………………..  111 
 
Introduction to Modeling: Monday, March 14, 2016 and Tuesday, March 15,      
2016……………………………………………........   111 
What is Mathematics?………………………………………………………   112 
 
What is Modeling?…………………………………………………………..  113 
 
Modeling Abilities………………………………………………………….   118 
 
Grading and Expectations…………………………………………………..   120 
 
The High-Definition Trade-Off Dilemma: Wednesday, March 16, 2016 -  
 








Making Sense of the Task…………………………………………………..   122 
Development of Models…………………………………………………….   123 
 
Interpreting Models…………………………………………………………   134 
 
Making Sense of Models……………………………………………….…...   135 
 
Reflections on Project 1…………………………………………………….   138 
 
Calculating the Width of Memorial Stadium: Monday, March 21, 2016 -  
 
                                           Friday, March 25, 2016……………………………   139 
  
Making Sense of the Task…………………………………………………..   141 
 
Development of Models…………………………………………………….   142 
 
Interpreting and Making Sense of Models………………………………….   146 
 
Perseverance Throughout the Process………………………………………   148 
 
Conflicts Begin to Emerge………………………………………………….   149 
 
Reflections on Project 2…………………………………………………….   150 
 
Enrollment at River Junction Senior High: Monday, March 28, 2016 -  
 
                                           Thursday, March 31, 2016………………………...   152 
 
Making Sense of the Task…………………………………………………..   152 
 
Development of Models…………………………………………………….   153 
 
Escalating Conflicts………………………………………………………...   159 
 
Interpreting and Making Sense of Models………………………………….   160 
 
Reflections on Project 3…………………………………………………….   163 
 
How Safe are We?: Friday, April 1, 2016 - Wednesday, April 6, 2016………..   164 
 








Introducing Safety Rankings………………………………………………..   165 
 
Making Sense of the Task…………………………………………………..   167 
 
Development of Models…………………………………………………….   169 
 
Interpreting Models…………………………………………………………   176 
 
Reflections on Project 4…………………………………………………….   178 
 
Student Choice: Thursday, April 7, 2016 - Thursday, April 14, 2016………….   180 
 
Making Sense of the Task…………………………………………………..   181 
 
Development of Models…………………………………………………….   188 
 
Reflections on Project 5…………………………………………………….   207 
 
Student Reflections on a Month of New Learning……………………………..   209 
 
Conclusion……………………………………………………………………...   210 
 
PART THREE: ANALYSIS OF TEACHING AND LEARNING DURING 
 
                                                 A MONTH OF MODELING……………………...   212 
 
CHAPTER 5: RELEARNING HOW TO LEARN…………………………………   213 
 
Students Creating Opportunities to Learn………………………………………   214 
 
Eliminating the Need for Teacher Validation………………………………   214 
 
Student-to-Student Discourse………………………………………………   224 
 
Transitioning from Right and Wrong to Multiple Solutions……………………   239 
 
Encouraging Belief Change through Unit Design………………………….   240 
 
Barriers Form as Beliefs are Challenged…………………………………...   242 
 
Reflecting on the Transition from Right and Wrong to Multiple Solutions..   245 
 
Finding Perseverance Through Authentic Mathematics………………………..   246 
 








Rooted in Real Life Mathematics…………………………………………..   250 
 
Reflecting on Student Perseverance………………………………………...   255 
 
The Case of Matt………………………………………………………………..   256 
 
Needing to Have Ideas Validated…………………………………………...   257 
 
Negative Effects on Self-Esteem……………………………………………  258 
 
Supporting Matt as Beliefs are Challenged…………………………………   260 
 
Reflections on Matt’s Beliefs and Learning………………………………..   261 
 
Matt’s New Learning……………………………………………………….   264 
 
Conclusion……………………………………………………………………...   266 
 
CHAPTER 6: RELEARNING HOW TO TEACH………………………………...   268 
 
Preparing to Teach……………………………………………………………...   268 
 
What is Mathematics?………………………………………………………   269 
 
Assessing this New Mathematics…………………………………………...   270 
 
Teacher is Not the Only Expert……………………………………………..   272 
 
Reflections on My Preparations to Teach Modeling……………………….    277 
 
Changing Perception of Student Needs………………………………………...    278 
 
Encouraging Teamwork…………………………………………………….   279 
 
Student-to-Student Discourse………………………………………………    282 
 
Reflections on Support Needed……………………………………………..   284 
 
Activating Students’ Real Life Knowledge…………………………………….   284 
 
To Develop Mathematical Literacy………………………………………...   285 
 
To Develop Quantitative Literacy Skills and Reflection…………………...   295 
 








The Role of Teacher Questioning………………………………………………   299 
 
From Funneling to Focusing………………………………………………..   300 
 
Questions to Develop Quantitative Literacy Skills…………………………   307 
 
Reflections on the Role of Questioning…………………………………….   323 
 
Conclusion……………………………………………………………………...   325 
 
CHAPTER 7: RELEARNING MATHEMATICS WITHIN AUTHENTIC TASK..  326 
 
Authentic Situations…………………………………………………………….   326 
 
The Need for Identifying and Stating Assumptions…………………………….   327 
 
Assumptions in Project 1…………………………………………………...   328 
 
Assumptions in Project 2…………………………………………………...   329 
 
Assumptions About Data in Projects 3, 4, and 5…………………………...   345 
 
Recognizing Limitations to Models Developed………………………………...  347 
 
Limitations and Its Relationship to Assumptions…………………………..   348 
 
Limitations as a Result of Real Life Implications…………………………..   349 
 
Reflections on Limitations Within Authentic Situations…………………...   353 
 
Conclusion……………………………………………………………………...   354 
 
CHAPTER 8: CONCLUSION……………………………………………………...   356 
 
Reflections on My Study………………………………………………………..   357 
 
Development of Modeling Abilities……………………………………………    358 
 
Lessons Learned………………………………………………………………..    361 
 
The It is Important…………………………………………………………..   361 
 
Modeling is Not Quick and Easy…………………………………………...   363 
 








Mathematical Power and How One Develops It……………………………   367 
 
Communication Needs to be Two-way……………………………………..   370 
 
Teaching is Research…………………………………………………………...    371 
 
How Modeling has Evolved in My Classroom…………………………………   372 
 
Expanding Outside My Walls…………………………………………………..   374 
 
Future Research……………………………………………………………..   375 
 
In Conclusion…………………………………………………………………...   376 
 
REFERENCES…………………………………………………………………….     377 
 









List of Figures 
 
 Figure  0.1 Mathematical modeling seems to result in student  
outcomes consistent with student-centered instruction  
and the use of authentic tasks…………………………...... 11 
 Figure 1.1 Four-step modeling cycle…………………………………. 19 
 Figure 1.2 Modeling cycle involving four basic steps………………... 21 
 Figure 1.3 Traditional views of problem solving……………………... 24 
 Figure 1.4 Modeling perspectives of problem solving………………. 24 
 Figure 1.5 Intuition of structure………………………………………. 27 
 Figure 1.6 Mathematical modeling schema…………………………… 32 
 Figure 2.1 Triangulation matrix showing data sources, frequency, and  
   duration……………………………………………………. 63 
 Figure 3.1 Modeling abilities developed from NCTM’s four-step  
   modeling cycle…………………………………………….. 70 
 Figure 4.1 Samantha’s work showing Team 2’s “guess and check”  
method using minutes per gigabyte rates………………….. 125 
 Figure 4.2 Evan’s guess and check work…………………………….... 127 
 Figure 4.3 Chris’s verification of Evan’s guess and check  
calculations………………………………………………… 128 
 Figure 4.4 Models developed by students using gigabytes per  
minute rate…………………………………………………  131 
 Figure 4.5 Models developed by students using minutes per  








 Figure 4.6 Dylan’s individual work showing the model his team  
had developed……………………………………………… 137 
 Figure 4.7 Geometric representation of measurements taken for the 
Width of Memorial Stadium project……………………….. 140 
 Figure 4.8 Luis’s work to find the width of Memorial Stadium………. 143 
 Figure 4.9 Emily’s work showing all calculated angles and distances.. 145 
 Figure 4.10 Megan’s work showing calculations as a result of  
assuming parallel distances……………………………….... 146 
 Figure 4.11 Samantha’s individual work showing Team 2’s  
calculations for finding an average percentage growth  
in high school enrollment………………………………….. 154 
  Figure 4.12 Samantha’s work showing their modified model using only  
the last four years of enrollment figures…………………… 156 
 Figure 4.13 Alicia’s individual work showing Team 3’s incorrect  
strategy for calculating the average percentage growth….... 157 
 Figure 4.14 A slide from Team 1’s presentation comparing their linear  
and exponential model…………………………………….. 159 
 Figure 4.15 Ranking developed by Teams 3 and 5 where property and  
violent crimes are calculated equally…………………….... 170 
 Figure 4.16 Ranking developed by Team 2 by weighing violent crimes  
twice as much as property crimes…………………………. 172 
 Figure 4.17 Ranking developed by Team 1 using a point system…….... 173 







Figure 4.19 Comparison of rankings developed from teams using  
unweighted and weighted scores…………………………... 175 
 Figure 4.20 Graph and comparison of sports brands used during  
Team 1’s presentation……………………………………… 190 
 Figure 4.21 Team 2’s incorrect model finding the number of blades  
of grass on the football field’s turf……………………….... 192 
 Figure 4.22 Graph of holiday and retail sales linear regression models  
showing growth of spending………………………….….... 195 
 Figure 4.23 Team 3’s incorrect assessment of 19.74% of annual  
spending coming from holiday sales………………………. 196 
 Figure 4.24 Team 4’s graph showing three models they created and  
tested for validity…………………………………………. 199 
 Figure 4.25 Team 6’s graph showing the number of animals arriving,  
leaving, adopted, and euthanized each year beginning in 
2010…………………………………………………..….. 203 
 Figure 4.26 Data set used and graphs of linear models developed  
by William, Matt, and Elijah to predict when the entire  
U.S. population will have internet access………………... 206 
 Figure 5.1 Summary of the work done by members of Team 5 to  
validate their model and predictions……………………... 222 
 Figure 5.2 The last three cities on the rankings for Team 1 and  
Team 2 showing how the cities are the same but in a  







 Figure 5.3 A comparison of Team 4’s ranking of most dangerous  
cities to a ranking developed by teams with a similar 
methodology………………………………………………. 236 
Figure 5.4 Chris’s individual work showing his calculations for  
getting an answer of 753.97…………………………..…... 244 
Figure 7.1 Chris’s scale drawing of the measurements given for the  
Width of Memorial Stadium Project……………………… 330 
Figure 7.2 Dylan’s picture referencing the triangles Team 5 was  
using for their calculations………………..………………. 336   
 Figure 7.3 Picture showing variables used in the models developed  
by Evan, William, and myself……….…………………… 339 
 Figure 7.4 Specific case where X and W are known to be parallel…… 343 
 Figure 7.5 A slide from Team 6 demonstrating the ways in which  







List of Appendices 
 Appendix A Modeling Unit Student Reflection………………………… 402 
 Appendix B Samantha Interview Protocol…………………………….... 403 
 Appendix C Chris Interview Protocol……………………………..…..... 405 
 Appendix D Brooke Interview Protocol………………………...………. 407 
 Appendix E Matt Interview Protocol……………………………………. 410 
 Appendix F Luis Interview Protocol………………………………...…. 413 
 Appendix G Intro To Modeling Classroom Document……………...….. 415 
 Appendix H Recording Quality Project 1 Classroom Document……….. 420 
 Appendix I Width of Memorial Stadium Project 2 Classroom  
Document………………………………………………….. 422 
 Appendix J Data for Project 3 Classroom Document………………….. 424 
 Appendix K River Junction Enrollment Project 3 Classroom  
Document…………………………………………………. 425 
 Appendix L Crime Safety Rankings Project 4 Classroom Document….. 426 
 Appendix M Student Choice Project 5 Classroom Document…………… 428 
 Appendix N Individual Modeling Cycle Rubric……………………….... 430 
 Appendix O Team Product Rubric………………………………………. 433 
 Appendix P Modeling Cycle Graphic Organizer……………………….. 435 
 Appendix Q Project 5 Guiding Questions Classroom Document………. 436 
 Appendix R Crime Safety Ranking Presentation Graphic Organizer…... 437 

































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































nimals In y 1.21x 86.59x 000.2  A :   = 5 2 3 + 3



































































































































































































































































































































































































































































































        Average  Loss: 
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using  Law  of  Sines  to   aec ,  making  his  result  for     slightly  different.   Evan  appliedΔ ac  
the  assumption  in  two  different  calculations  for  his  model  while  William  only  needed  to 
use  it  once.   As  a  result,  Evan  calculated  his  model  to  be: 












. x = sin(180 B)
  sin(A C)
WsinCsin(B A)



















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































  KG  1 st  2 nd  3 rd  4 th  5 th  6 th  7 th  8 th  9 th  10 th  11 th  12 th  Total 
00‐01  676  601  664  619  591  626  533  558  518  441  533  358  362  7207 
01‐02  681  654  596  650  626  597  596  554  577  457  503  402  371  7397 
02‐03  667  668  655  616  654  654  588  591  578  495  524  381  426  7690 
03‐04  730  636  662  659  618  643  607  582  606  504  558  412  428  7925 
04‐05  728  684  639  668  641  612  619  606  570  503  532  468  430  8070 
05‐06  719  708  697  646  674  651  584  632  602  483  555  438  447  8244 
06‐07  751  677  690  698  650  667  606  570  629  519  536  433  427  8367 
07‐08  755  684  688  691  671  640  631  610  575  571  581  416  434  8353 
08‐09  777  738  705  694  682  674  604  642  616  548  578  490  436  8556 
09‐10  733  784  749  727  689  699  654  618  641  553  581  506  474  8902 
10‐11  779  725  790  752  718  708  643  655  616  562  536  473  564  9021 
11‐12  774  764  720  796  756  713  654  648  667  516  560  531  479  9035 
12‐13  728  740  756  710  774  759  644  655  659  591  526  555  553  9098 
13‐14  817  731  762  755  709  789  717  638  672  587  586  526  579  9313 





































































































































































































































































































































































































































































































































































































































4  3  2  1  0  Weight 
Mathematical 
Knowledge 
Shows 
understanding  of 
the  problem’s 
mathematical 
concepts  & 
principles 
and 
Uses  appropriate 
mathematical 
terminology  & 
notation 
and 
Executes 
algorithms 
completely  & 
correctly 
and 
Uses  correct 
data  collection  & 
analysis 
techniques  (if 
applicable) 
Shows  nearly 
complete 
understanding  of 
the  problem’s 
mathematical 
concepts  & 
principles 
and 
Uses  appropriate 
mathematical 
terminology, 
notation,  & 
algorithms  with 
only  minor  errors 
and 
Uses  data 
collection  and 
analysis 
techniques  with 
only  minor  errors 
(if  applicable) 
Shows 
understanding 
of  some  of  the 
problem’s 
mathematical 
concepts  & 
principles 
and 
May  contain 
serious  errors 
in 
computations, 
notation,  data 
collection,  or 
analysis 
Shows  very 
limited 
understanding 
of  the 
problem’s 
mathematical 
concepts 
and 
Misuses  or 
fails  to  use 
mathematical 
terms 
and 
Makes  major 
computation, 
notation,  data 
collection,  or 
analysis  errors 
Shows  no 
understandin
g  of  the 
problem’s 
mathematical 
concepts  and 
principles 
Score  X  1 
 
 
 
 
 
 
 
 
________ 
Strategic 
Knowledge 
 
Uses  relevant 
outside 
information  of  a 
formal  or  informal 
nature  correctly 
and 
Identifies  all  the 
important 
elements  of  the 
problem  and 
shows 
understanding  of 
the  relationships 
between  them 
and 
Develops  a  clear 
&  appropriate 
model  for  solving 
the  problem  or 
develops  an 
inappropriate 
model  but 
includes  rationale 
for  why  it  does 
not  work  and 
descriptions  for 
‘next  steps’  to 
correct  the  model 
and 
Accomplishes 
task’s  goals 
 
Attempts  to  use 
relevant  outside 
information  of  a 
formal  or  informal 
nature  but  contains 
minor  errors  or  is 
incomplete 
and 
Identifies  the  most 
important  elements 
of  the  problem  and 
shows  general 
understanding  of 
the  relationships 
between  them 
and 
Develops  an 
appropriate  model 
for  solving  the 
problem  that  may 
contain  minor 
errors  r  or 
develops  an 
inappropriate 
model  but  includes 
rationale  for  why  it 
does  not  work 
and 
Accomplishes 
most  of  task’s 
goals 
Attempts  to  use 
relevant 
outside 
information  of  a 
formal  or 
informal  nature 
but  contains 
serious  errors 
or  is 
incomplete 
and 
Identifies  some 
important 
elements  of  the 
problem  but 
shows  only 
limited 
understanding 
of  the 
relationships 
between  them 
and 
Attempts  to 
develop 
appropriate 
model  but  is 
incomplete  or 
unclear  
and  
Does  not 
accomplish  the 
majority  of 
task’s  goals 
May  attempt  to 
use  irrelevant 
outside 
information 
and 
Fails  to 
identify 
important 
elements  or 
places  too 
much 
emphasis  on 
unimportant 
elements 
and 
Develops  an 
inappropriate 
model  with  no 
description  or 
rationale  for 
why  it  does 
not  work 
 
Uses 
irrelevant 
outside 
information 
and 
Fails  to 
identify  which 
elements  of 
the  problem 
are 
appropriate 
and 
Does  not 
develop  a 
model 
Score  X  2 
 
 
 
 
 
 
 
 
 
 
________ 
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Communication 
 
Clearly  interprets 
results  in  context 
of  the  situation 
and 
Communicates 
effectively  to  the 
identified 
audience 
and 
Presents  strong 
supporting 
arguments  which 
are  logically 
sound  & 
complete  to 
justify  how  model 
is  effective  in 
accomplishing 
task’s  goals 
 
Interprets  results  in 
context  of  the 
situation 
and 
Communicates 
fairly  effectively  to 
identified  audience 
and 
Presents 
supporting 
arguments  which 
are  logically  sound 
but  may  contain 
some  minor  gaps 
 
Attempts  to 
interpret  results 
in  context  of 
the  situation 
but  contains 
minor  errors 
and 
Communication 
is  somewhat 
vague  or 
difficult  to 
interpret 
and 
Arguments  are 
incomplete  or 
contain  serious 
errors 
 
Attempts  to 
interpret 
results  in 
context  of  the 
situation  by 
contains  major 
errors 
and 
Communicatio
n  &  arguments 
are  incomplete 
or  difficult  to 
follow 
 
 
Does  not 
attempt  to 
interpret 
results  in 
context  of  the 
situation  or 
communicate 
to  identified 
audience 
 
Score  X  2 
 
 
 
 
 
 
 
 
________ 
*Based  on  QUASAR  General  Rubric ,  Lane  (1993)  
 
Team  Product  Rubric  Score  to  Grade  Conversions 
 
Rubric  Score  Percentage  Grade  Category 
20  100  Excellent 
18­19  95  Excellent 
17  90  Excellent 
15­16  85  Good 
14  80  Good 
12­13  75  Fair 
10­11  70  Fair 
9  65  Unsatisfactory  ­  consider  redoing  project 
8  60  Unsatisfactory  ­  consider  redoing  project 
7  or  below  No  Grade  Given  Redo  Project  and  Correct  Errors 
*Based  on  Table  3:  Sample  Grades  and  Categories,  Mertler  (2002) 
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Appendix  P 
Modeling  Cycle  Graphic  Organizer 
 
 
 
Modeling 
Cycle 
Essential  Questions  to  guide  your  work.  
  Do  not  submit  this  as  your  individual  work.  You  should  have  more  than  can  fit  here!  However,  you  may  use 
this  to  help  you  navigate   the  modeling  cycle.   
1.  Identify 
Essential 
Variables 
What  are  the  essential 
features  of  the  situation 
which  may  identify 
appropriate  variables? 
What  do  your 
variables  represent? 
How  will  you  justify  the  choice  of  your  variables? 
2.  Formulate 
Model 
What  assumptions  did 
you  make  as  you 
analyzed  the  situation 
and  conducted  your 
analysis? 
Formulate  a  model.   Show  all  work  and  stay  organized... 
3.  Analyze  & 
Perform 
Operations 
Double  check  that  all  procedures,  calculations,  notation,  and  mathematical  language  is  correct.   What  does  your 
model  conclude  about  the  situation? 
4.  Interpret 
Results 
What  do  the  results  of 
your  analysis  mean  in 
terms  of  the  situation? 
What  did  you  find  out? 
Have  will  you  clearly 
communicate  the 
process,  solution,  and 
results  in  context  of 
the  original  situation? 
What  evidence  have  you  included  to  justify  your 
interpretation? 
5.  Validate 
Conclusions 
What  are  your  potential 
inaccuracies  or  sources 
of  error? 
Are  the  results  of  your 
analysis  reasonable? 
Why  or  why  not? 
If  they  seem  unreasonableness,  what  have  you  done  or  will 
do  to  make  adjustments  to  your  model? 
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Appendix  Q 
Project  5  Guiding  Questions  Classroom  Document 
 
Student  Choice  Guiding  Questions Name___________________ 
Getting  Started….. Team  Members: 
 
1.   Describe  the  general  situation  your  team  would  like  to  learn  about.   
 
 
2. What  is  the  question  you  would  like  answered?   That  is,  what  is  your  team’s  goal? 
Remember  that  you  want  this  to  be  manageable.   Don’t  make  it  so  complicated 
that  you  don’t  have  time  to  finish  your  analysis.   
 
 
3. Who  would  be  interested  in  the  answer  to  your  question  and  why?   Who  is  your 
‘primary  audience?’ 
 
 
4. What  additional  information  will  you  need  to  consider  about  your  situation  and 
why ?   That  is,  what  do  you  currently  not  know  about  your  situation  that  you  need 
to  know  to  answer  your  question?   
 
 
5. How  will  you  gain  access  to  that  information?   Is  there  research  you  must  do  or 
data  you  need  collect?   
 
 
6. What  is  your  plan  for  gathering  this  information  or  data?   Do  you  need  access  to 
tools  that  you  currently  do  not  have?   What  can  Mrs.  Buhrman  do  to  help  you? 
What  do  each  of  your  team  members  need  to  do? 
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Appendix  R 
Crime  Safety  Ranking  Presentation  Graphic  Organizer  Classroom  Document 
 
Name_________________________ 
 
Remember  that  you  will  vote  on  the  team  you  feel  presented  the  most  effective 
methodology  with  a  prize  being  awarded  to  the  winning  team.   You  are  not  allowed  to 
vote  for  your  own  team!   Use  this  organizer  to  keep  track  of  ideas  from  each  team’s 
presentations  so  in  the  end  you  know  who  to  vote  for.   
 
Team  with  Most  Effective  Methodology:_____________________________________ 
 
Why  do  you  feel  it  was  effective:_____________________________________________ 
 
Team  1 
 
What  stuck  out  to  you? 
 
 
Was  it  effective?  Why/why  not? 
Team  2 
 
What  stuck  out  to  you? 
 
 
Was  it  effective?  Why/why  not? 
 
 
Team  3 
 
 
What  stuck  out  to  you? 
 
 
Was  it  effective?  Why/why  not? 
Team  4 
 
 
What  stuck  out  to  you? 
 
 
Was  it  effective?  Why/why  not? 
 
 
Team  5 
 
What  stuck  out  to  you? 
 
 
Was  it  effective?  Why/why  not? 
 
 
 
Team  6 
 
What  stuck  out  to  you? 
 
 
Was  it  effective?  Why/why  not? 
 
 
 
 
 
438 
 
Appendix  S 
Student  Choice  Presentations  Graphic  Organizer  Classroom  Document 
 
Name_______________________________ Project  5  Feedback 
 
Fill  this  out  with  your  ideas,  input,  and  questions  during  the  Project  5:  Student  Choice 
Presentations  so  that  you  can  provide  comments  and  feedback  during  the  Q  &  A  portion 
of  each  presentation. 
**Please  also  make  sure  your  team’s  presentations  are  shared  with  Mrs.  B! 
Team  6 
What  other  knowledge  or  factors  might  have 
been  good  to  consider  in  this  analysis? 
 
 
1  Question  you  have: 
 
 
Team  5 
What  other  knowledge  or  factors  might  have 
been  good  to  consider  in  this  analysis? 
 
 
1  Question  you  have: 
 
 
Team  4 
What  other  knowledge  or  factors  might  have 
been  good  to  consider  in  this  analysis? 
 
 
1  Question  you  have: 
 
 
Team  3 
What  other  knowledge  or  factors  might  have 
been  good  to  consider  in  this  analysis? 
 
 
1  Question  you  have: 
 
Team  2 
What  other  knowledge  or  factors  might  have 
been  good  to  consider  in  this  analysis? 
 
 
1  Question  you  have: 
 
Team  1 
What  other  knowledge  or  factors  might  have 
been  good  to  consider  in  this  analysis? 
 
 
1  Question  you  have: 
 
 
Tech  Group 
What  other  knowledge  or  factors  might  have  been  good  to  consider  in  this  analysis? 
 
 
1  Question  you  have: 
 
 
 
